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(54) AIR AMOUNT CALCULATION DEVICE FOR INTERNAL COMBUSTION ENGINE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To accurately calculate an in- 
cylinder filled air annount while simplifying operation logic. 
SOLUTION: A basic filled air amount calculation part 50 
calculates a basic air amount Gbase, an intake temperature 
correction factor Ka and a pulsation correction factor Kb, 
respectively, thereby acquiring a basic filled air amount Gnb. An 
internal EGR amount calculation part 60 calculates a clearance 
volume EGR amount on the basis of exhaust valve closing 
timing EVO, a valve overlap amount OL, a blowback EGR 
amount on the basis of an engine rotation speed Ne and an 
intake pipe pressure Pm. and an internal EGR amount Gegr by 
adding the clearance volume EGR amount and the blowback 
EGR amount. An in-cylinder filled air amount calculation part 70 
calculates the in-cylinder filled air amount Gn by subtracting 
the internal EGR amount Gegr from the basic filled air amount 
Gnb. 
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CLAIMS 



[Claim(s)] 
[Claim 1] 

In the restoration air content calculation equipment in a cylinder of the internal combustion engine having 
the adjustable valve train means which makes adjustable one [ at least ] closing motion stage or amount of 
lifts of an intake valve and an exhaust air bulb, 

A basic air content calculation means to compute a basic air content based on an internal combustion 

engine's operating range, 

An amount calculation means of internals EGR to compute the capacity of the internal EGR generated by 
the closing motion stage of the intake valve by said good fluctuation valve means, or an exhaust air bulb 
etc., 

A restoration air content calculation means in a cylinder to compute said restoration air content in a cylinder 
with said basic air content and amount of intemals EGR, 

Air content calculation equipment of the internal combustion engine characterized by preparation ******. 
[Claim 2] 

Said amount calculation means of intemals EGR is air content calculation equipment of the intemal 
combustion engine according to claim 1 which computes the amount of intemals EGR based on the amount 
of valve-opening overlap of the pressure-of-induction-pipe force, an engine engine speed, the close stage of 
an exhaust air bulb, an intake valve, and an exhaust air bulb. 
[Claim 3] 

Said amount calculation means of intemals EGR is air content calculation equipment of the intemal 
combustion engine according to claim 2 which computes the amoimt of intemals EGR by applying the 
exhaust gas pressure in an intemal combustion engine's flueway as a parameter. 
[Claim 4] 

The compressor formed in the inhalation-of-air path is connected with the turbine prepared in the flueway, 
and it has the supercharger which supercharges the inhalation of air supplied to an intemal combustion 
engine by operating a turbine, and is applied to the intemal combustion engine which prepared the waist 
gate valve which bypasses said flueway and adjusts charge pressure, 

Said amount calculation means of intemals EGR is air content calculation equipment of the intemal 
combustion engine according to claim 2 which computes the amount of intemals EGR by adding the 
opening of said waist gate valve as a parameter. 
[Claim 5] 

Said amomt calculation means of intemals EGR is air content calculation equipment of the intemal 
combustion engine according to claim 1 which computes the amount of intemals EGR by having a means to 
compute the 1st capacity which is the amount of burned gas which remains in a cylinder after combustion, 
and a means to compute the 2nd capacity which is the amount of burned gas blown back at an inhalation-of- 
air path side, and adding these 1 st capacity and the 2nd capacity. 
[Claim 6] 

Said amount calculation means of intemals EGR is air content calculation equipment of the intemal 
combustion engine according to claim 5 which computes said 1 st capacity based on the close stage of an 
exhaust air bulb at least. 
[Claim 7] 

Said amount calculation means of internals EGR is air content calculation equipment of the intemal 
combustion engine according to claim 5 or 6 which computes said 2nd capacity based on the amount of 
valve-opening overlap of an intake valve and an exhaust air bulb at least. 
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[Claim 8] 

Said amount calculation means of intemals EGR is air content calculation equipment of an internal 
combustion engine given in claim 5 thru/or any of 7 they are. [ which computes at least one side of said 1 st 
capacity and said 2nd capacity by applying the exhaust gas pressure in an internal combustion engine's 
flueway as a parameter ] 
[Claim 9] 

The compressor formed in the inhalation-of-air path is connected with the turbine prepared in the flueway, 
and it has the supercharger which supercharges the inhalation of air supplied to an intemal combustion 
engine by operating a turbine, and is applied to the intemal combustion engine which prepared the waist 
gate valve which bypasses said flueway and adjusts charge pressure. 

Said amount calculation means of intemals EGR is air content calculation equipment of an intemal 
combustion engine given in claim 5 thru/or any of 7 they are. [ which computes at least one side of said 1st 
capacity and said 2nd capacity by adding the opening of said waist gate valve as a parameter ] 
[Claim 10] 

It is air content calculation equipment of an intemal combustion engine given in claim 1 thru/or any of 9 
have a means to predict change of a future bulb closing motion stage etc., and said amoimt calculation 
means of intemals EGR is. [ which computes the amount of intemals EGR based on said bulb closing 
motion stage of the predicted future etc. ] 
[Claim 11] 

It is air content calculation equipment of an intemal combustion engine given in claim 1 thru/or any of 10 
have a means to predict an intemal combustion engine's future load, and said basic air content calculation 
means is. [ which computes a basic air content, using said load of the predicted future as a parameter ] 
[Claim 12] 

Said basic air content calculation means is air content calculation equipment of an intemal combustion 
engine given in claim 1 thru/or any of 1 1 they are. [ which computes a basic air content based on the close 
stage of an intemal combustion engine's engine speed, a load, and an intake valve ] 
[Claim 13] 

Air content calculation equipment of an intemal combustion engine given in claim 1 thru/or any of 12 they 
are. [ which was further equipped with a means to amend said basic air content so that the effect of the 
inhalation-of-air pulsation produced in the engine operational status which becomes more than a 
predetermined load corresponding to an engine rotational frequency may be canceled ] 
[Claim 14] 

Air content calculation equipment of an intemal combustion engine given in claim 1 thru/or any of 13 they 
are. [ which was further equipped with a means to amend said basic air content according to the temperature 
of the air inhaled from said inhalation-of-air path ] 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 

[Field of the Invention] 

[0001] 

This invention relates to the air content calculation equipment of the intemal combustion engine for 
computing the restoration air content in a cylinder with which it fills up in the cylinder of the intemal 
combustion engine concemed with a sufficient precision in the intemal combustion engine having an 
adjustable valve train means. 
[Background of the Invention] 
[0002] 

The restoration air content in a cylinder with which it fills up in an intemal combustion engine's cylinder is 
computed, and there is a technique which controls fiiel oil consumption and ignition timing based on the 
restoration air content in a cylinder. In this case, the restoration air content in a cylinder is actually shut up in 
a cylinder, and since it is the air content which participates in combustion within a cylinder, high-degree-of- 
accuracy-ization of control of fuel oil consumption or ignition timing is attained by using this restoration air 
content in a cylinder as a parameter. There are some which are computed as the calculation technique of the 
restoration air content in a cylinder based on an engine rotational frequency and the pressure-of-induction- 
pipe force. 
[0003] 

By the way, in recent years, many intemal combustion engines having an adjustable valve train means are 
put in practical use, the closing motion stage of an intake valve or an exhaust air bulb etc. is adjusted by the 
adjustable valve train means, and the output, the improvement of fuel consumption, etc. are achieved. 
Moreover, the so-called intemal EGR occurs by adjusting the closing motion stage of an intake valve or an 
exhaust air bulb etc. in this case. In the intemal combustion engine having this adjustable valve train means, 
even if the pressure-of-induction-pipe force is the same, the condition of intemal EGR changes a lot by a 
bulb closing motion stage etc. being changed, and the problem that the restoration air content in a cylinder 
cannot compute to accuracy arises. Moreover, although suiting in all combination is also considered about 
each parameter, such as an engine operating range and a bulb closing motion stage, that the effect of intemal 
EGR should be reflected, now, the problem that adaptation manday and a data-processing load increase will 
be caused. 
[0004] 

In addition, the technique of the patent reference 1 is known as air content detection equipment of the 
intemal combustion engine having an adjustable valve train means. By this patent reference 1, in ignition- 
timing control, an air flow meter detects an inhalation air content, and the ii^alation air content in the 
average value of the inhalation air content in an intake valve open stage and an intake valve close stage or 
the midpoint of an int£ike valve open period is made into the restoration air content in a cylinder. And it was 
considering as the configuration which calculates ignition timing by this restoration air content in a cylinder. 
However, with this configuration, the restoration air content in a cylinder is fundamentally calculated from 
the detection result of an air flow meter, ignition-timing control is carried out based on the restoration air 
content in a cylinder, and the problem that a restoration air content is uncomputable to a transient at 
accuracy arises according to the detection delay of an air flow meter, or the inlet-pipe passage delay of 
inhalation air. 

[Patent reference 1] JP,9-303242,A 
[Description of the Invention] 
[Problem(s) to be Solved by the Invention] 
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[0005] 

This invention sets it as the main object to offer the air content calculation equipment of the intemd 
combustion engine which can compute the restoration air content in a cylinder with a sufficient precision, 
attaining simplification of operation logic. 
[Means for Solving the Problem] 
[0006] 

In the internal combustion engine having an adjustable valve train means, by making a factor a change of 
the closing motion stage of an intake valve or an exhaust air bulb, or the amount of lifts, the amount of 
internals EGR changes a lot, and the amount (restoration air content in a cylinder) of the new mind with 
which it fills up in a cylinder by that cause changes. Here, in invention according to claim 1 , while a basic 
air content is computed based on an intemal combustion engine's operating range, the capacity (the amount 
of intemals EGR) of the intemal EGR generated by the closing motion stage of the intake valve by the 
adjustable valve train means or an exhaust air bulb etc. is computed, and the restoration air content in a 
cylinder is further computed by a basic air content and the amount of intemals EGR. In this case, the 
restoration air content in a cylinder can compute with a sufficient precision also at the time of generating of 
the intemal EGR accompanying modification of the closing motion stage of an intake valve or an exhaust 
air bulb etc. by computing a basic air content and the amovint of intemals EGR according to an individual. 
Moreover, in order to have calculated the restoration air content in a cylinder with a sufficient precision in 
the existing technique, the closing motion stage of an intake valve or an exhaust air bulb etc. needed to be 
added as a parameter in addition to operating-range parameters, such as an engine engine speed and a load, 
it needed to suit beforehand in the combination of all parameters, and problems, such as buildup of 
adaptation manday and an increment in a data-processing load, had arisen. On the other hand, in this 
invention, it can write computing the amount of intemals EGR separately, and the combination of the part 
adaptation can be reduced. The restoration air content in a cylinder is computable with a sufficient precision 
with the above, attaining simplification of operation logic. In addition, it is good to compute the restoration 
air content in a cylinder by subtracting the amount of intemals EGR from a basic air content simply. 
[0007] 

In invention according to claim 2, the amount of intemals EGR is computed based on the amount of valve- 
opening overlap of the pressure-of-induction-pipe force, an engine engine speed, the close stage of an 
exhaust air bulb, an intake valve, and an exhaust air bulb. In this case, since the amount of intemals EGR 
changes with the amounts of valve-opening overlap of the pressure-of-induction-pipe force, an engine 
engine speed, the close stage of an exhaust air bulb, an int^e valve, and an exhaust air bulb, a parameter, 
then the amount of intemals EGR are [ these ] computable to accuracy. 
[0008] 

In invention according to claim 3, the amount of intemals EGR is computed by applying the exhaust gas 
pressure in an intemal combustion engine's flueway as a parameter. If exhaust gas pressure changes, the 
amount of intemals EGR will change. In this case, a parameter, then the amount of intemals EGR can 
compute exhaust gas pressure to accuracy more. Therefore, the restoration air content in a cylinder is 
computable with a sufficient precision also at the time of change of exhaust gas pressure. 
[0009] 

In invention according to claim 4, the amount of intemals EGR is computed by adding the opening of a 
waist gate valve as a parameter in the intemal combustion engine which prepared the waist gate valve for 
charge pressure adjustment. Since exhaust gas pressure will change if the opening of a waist gate valve 
changes, the amoimt of intemals EGR changes. In this case, a parameter, then the amount of intemals EGR 
can compute the opening of a waist gate valve to accuracy more. Therefore, the restoration air content in a 
cylinder is computable with a sufficient precision also at the time of opening modification of a waist gate 
valve. 
[0010] 

Moreover, in invention according to claim 5, while the 1st capacity which is the amount of burned gas 
which remains in a cylinder afler combustion is computed, the 2nd capacity which is the amount of burned 
gas blown back at an inhalation-of-air path side is computed, and the amount of intemals EGR is computed 
by addition with these 1 st capacity and the 2nd capacity. In this case, according to the generating factor of 
intemal EGR, the amount of intemals EGR can be computed now to accuracy, as a result the calculation 
precision of the restoration air content in a cylinder improves. For example, intemal-EGR capacity can be 
simply computed now by preparing respectively the map for the 1st capacity calculation, and the map for the 
2nd capacity calculation. 
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[0011] 

Here, the 1st capacity is the amount of burned gas which remained without being discharged at a flueway 
side, when an exhaust air bulb closes, and it depends for it on cylinder content volume (this is also called 
clearance volume) in case an exhaust air bulb closes fundamentally. Therefore, as indicated to claim 6, it is 
good to compute the 1 st capacity based on the close stage of an exhaust air bulb at least. Specifically, it is 
computed so that the close stage of an exhaust air bulb separates from inhalation of air TDC, and the 1 st 
capacity may become large. 
[0012] 

Moreover, the 2nd capacity is [ both ] the amount of burned gas blown back during the overlap period which 
the intake valve and the exhaust air bulb are opening at an inhalation-of-air path side, and it depends for it 
on the amount of valve-opening overlap of said both bulbs fundamentally. Therefore, as indicated to claim 
7, it is good to compute the 2nd capacity based on the amount of valve-opening overlap of an intake valve 
and an exhaust air bulb at least. Specifically, it is computed so that the amoimt of overlap is large, and the 
2nd capacity may become large. In addition, it is also possible to consider as the configuration which 
computes the 2nd capacity by applying an engine rotational frequency and inhalation-of-air path internal 
pressure as a parameter in addition to the amount of overlap. 
[0013] 

In invention according to claim 8, at least one side of said 1 st capacity and said 2nd capacity is computed by 
applying the exhaust gas pressure in an internal combustion engine's flueway as a parameter. If exhaust gas 
pressure changes, the amount of burned gas which remains in a cylinder, or the amount of burned gas blown 
back at an inhalation-of-air path side will change. A parameter then the 1 st capacity, and the 2nd capacity 
can compute exhaust gas pressure to accuracy more, and, as a result, the calculation precision of the amount 
of internals EGR improves. Therefore, the restoration air content in a cylinder is computable with a 
sufficient precision also at the time of change of exhaust gas pressure. 
[0014] 

In invention according to claim 9, at least one side of said 1 st capacity and said 2nd capacity is computed by 
adding the opening of a waist gate valve as a parameter in the intemal combustion engine which prepared 
the waist gate valve for charge pressure adjustment. Since exhaust gas pressure will change if the opening of 
a waist gate valve changes, the amount of burned gas which remains in a cylinder, or the amount of burned 
gas blown back at an inhalation-of-air path side changes. A parameter then the 1st capacity, and the 2nd 
capacity can compute the opening of a waist gate valve to accuracy more, and, as a result, the calculation 
precision of the amount of internals EGR improves. Therefore, the restoration air content in a cylinder is 
computable with a sufficient precision also at the time of opening modification of a waist gate valve. 
[0015] 

In invention according to claim 1 0, change of a future bulb closing motion stage etc. is predicted, and the 
amount of intemals EGR is computed based on the this predicted future bulb closing motion stage. In this 
case, since the amount of intemals EGR is computed reflecting change of a future bulb closing motion stage 
etc., it becomes possible to compute the restoration air content in a cylinder with a sufficient precision to the 
transient to which a service condition changes suddenly. 
[0016] 

In invention according to claim 11 , an intemal combustion engine's future load is predicted and a basic air 
content is computed by making the this predicted future load into a parameter. In this case, since a basic air 
content is computed reflecting a future change of load, it becomes possible to compute the restoration air 
content in a cylinder with a sufficient precision to the transient to which a service condition changes 
suddenly. 
[0017] 

In invention according to claim 12, a beisic air content is computed based on the close stage of an intemal 
combustion engine's engine speed, a load, and an intake valve. In this case, the air content with which a 
cylinder is fed from an inhalation-of-air system is decided with an engine engine speed or a load, and it is 
decided with which of the air with which it is fed by the close stage of an intake valve it will fill up in a 
cylinder. With the configuration which computes a basic air content by making the close stage of an engine 
engine speed, a load, and an intake valve into a parameter, the basic air content concerned can compute with 
a sufficient precision. 
[0018] 

In invention according to claim 13, said basic air content is amended so that the effect of the inhalation-of- 
air pulsation produced in the engine operational status which becomes more than a predetermined load 
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corresponding to an engine rotational frequency may be canceled. By an internal combustion engine^s 
loaded condition in low, a basic air content is proportional to a load in general, and is changed in response to 
the effect of inhalation-of-air pulsation in the heavy load condition (for example, WOT condition). Since it 
generates in a specific engine revolution region, this inhalation-of-air pulsation is good to define the amount 
of amendments according to an engine rotational fi-equency, and for that amount of amendments to amend a 
basic air content. Thereby, the effect of inhalation-of-air pulsation is canceled, and the calculation precision 
of the restoration air content in a cylinder improves. 
[0019] 

In invention according to claim 14, said basic air content is amended according to the temperature of the air 
inhaled fi-om said inhalation-of-air path. Change of the temperature of inhalation air changes a basic air 
content by consistency change. By amending a basic air content according to the temperature of inhalation 
air, the calculation precision of the restoration air content in a cylinder improves. 
[Best Mode of Carrying Out the Invention] 
[0020] 

Hereafter, the gestalt of the 1 operation which materialized this invention is explained according to a 
drawing. Suppose the gestalt of this operation that the engine control system shall be built for the Taki 
cylinder four stroke cycle engine for mount which is an internal combustion engine, and control of fiiel oil 
consumption, control of ignition timing, etc. are carried out by using an electronic control unit (henceforth 
ECU) as a center in the control system concerned. First of all, the whole engine control system outline block 
diagram is explained using drawing 1 . 
[0021] 

In the engine 10 shown in drawing 1 , an air cleaner 12 is formed in the maximum upstream section of an 
inlet pipe 1 1 , and the air flow meter 1 3 for detecting an inhalation air content is formed in the downstream 
of this air cleaner 12. The throttle valve 14 by which opening accommodation is carried out with actuators, 
such as a DC motor, and the throttle opening sensor 1 5 for detecting a throttle opening are formed in the 
downstream of an air flow meter 13. A surge tank 16 is formed in the downstream of a throttle valve 14, and 
the pressure-of-induction-pipe force sensor 1 7 for detecting the pressure-of-induction-pipe force is formed 
in this surge tank 16. moreover, the electromagnetism which the inlet manifold 18 which introduces air into 
each cylinder of an engine 10 is connected to the surge tank 16, and carries out injection supply of the fuel 
near the inlet port of each cylinder in an inlet manifold 18 — the fiiel injection valve 19 of an actuation type 
is attached. 
[0022] 

The intake valve 2 1 and the exhaust air bulb 22 are formed in the inlet port and exhaust port of an engine 1 0, 
respectively, the gaseous mixture of air and a fiiel is introduced by open actuation of an intake valve 21 in a 
combustion chamber 23, and the exhaust gas after combustion is discharged by the exhaust pipe 24 by open 
actuation of the exhaust air bulb 22. The adjustable valve gears 25 and 26 are formed in the intake valve 21 
and the exhaust air bulb 22, respectively. These adjustable valve gears 25 and 26 have the structure which 
can make adjustable continuously closing motion timing of each bulbs 21 and 22, and bulb closing motion 
timing is suitably adjusted according to an accelerator opening, an engine operation condition, etc. of each 
time. 
[0023] 

The ignition plug 27 is attached in the cylinder head of an engine 1 0 for every cylinder, and high tension is 
impressed to an ignition plug 27 in ignition timing considered as a request through the ignition 28 which 
consists of an ignition coil etc. The gaseous mixture which spark discharge generated between the 
counterelectrodes of each point fire plug 27, and was introduced in the combustion chamber 23 by 
impression of this high tension is lit, and combustion is presented. 
[0024] 

The catalysts 31, such as a three way component catalyst for purifying CO, HC, NOx, etc. in emission gas, 
are formed in an exhaust pipe 24, and the air-fiiel ratio sensors 32 for detecting the air-fiiel ratio of gaseous 
mixture, or rich/Lean by making exhaust gas applicable to detection at the upstream of this catalyst 3 1 (a 
linear air- fuel ratio sensor, oxygen sensor, etc.) are formed in it. Moreover, the cooling coolant temperature 
sensor 33 which detects cooling water temperature, and the crank angle sensor 34 which outputs a rectangle- 
like crank angle signal for every predetermined crank angle of an engine 1 0 (with for example, 1 0- 
degreeCA period) are attached in the cylinder block of an engine 1 0. In addition, the intake temperature 
sensor 35 which detects the temperature of inhalation air, and the accelerator sensor 36 which detects the 
amount of treading in of an accelerator pedal (accelerator opening) are formed. 
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[0025] 

The output of the various sensors mentioned above is inputted into ECU40 which manages engine control. 
ECU40 is constituted considering the microcomputer which consists of CPU, a ROM, RAM, etc. as a 
subject, is performing various kinds of control programs memorized by ROM, and controls the closing 
motion timing of the fuel injection by the fuel injection valve 19, ignition timing by the ignition plug 27, the 
intake valve 21 by the adjustable valve gears 25 and 26, and the exhaust air bulb 22 etc, based on an engine 
operation condition. 
[0026] 

Lift actuation of an intake valve 21 and the exhaust air bulb 22 is shown in drawing 2 , and, for an exhaust 
air bulb open stage and EVC, an exhaust air bulb close stage and IVO are [ EVO / an intake valve close 
stage and OL of an intake valve open stage and IVC ] the amoimts of valves overlap in this drawing 2 . The 
closing motion stage of each bulbs 21 and 22 is adjusted by the adjustable valve gears 25 and 26, and an 
exhaust air bulb closing motion stage is controlled for an intake valve closing motion stage on the basis of 
the maximum tooth-lead-angle location on the basis of the maximum angle-of-delay location at an angle-of- 
delay side at a tooth-lead-angle side, respectively. At this time, the valve overlap from which each bulb of 
both will be in an open condition arises by the tooth-lead-angle control by the side of an intake valve, and 
angle-of-delay control by the side of an exhaust air bulb. In addition, with the gestalt of this operation, an 
intake valve 2 1 is set to 40-degreeCA after the I VO= inhalation of air TDC in the state of the maximum 
angle of delay, and is considered as the configuration which can carry out a maximum of 60-degreeCA tooth 
lead angle from the maximum angle-of-delay location. Moreover, the exhaust air bulb 22 is set to 4- 
degreeCA before the EVC= inhalation of air TDC in the state of the maximum tooth lead angle, and is 
considered as the configuration which can carry out a maximum of 60-degreeCA angle of delay from the 
maximimi tooth-lead-angle location. 
[0027] 

Here, if the exhaust air bulb 22 is controlled at an angle-of-delay side or the amount of valves overlap 
becomes large, intemal EGR will increase. With the gestalt of this operation, it supposes that it divides into 
a part for a part for EGR which makes a factor angle-of-delay-ization of an exhaust air bulb close stage for 
intemal EGR, and EGR which makes a valve overlap a factor, and thinks, and drawing 3 explains the 
mechanism. 
[0028] 

In (a) of drawing 3 , the exhaust air bulb close stage EVC has become the TDC back (however, there shall 
be no valve overlap). In this case, it passes over TDC, and since the exhaust air bulb 22 is open also after a 
piston starts to descend from lifting, bumed gas flows in a cylinder (inside of a combustion chamber 23) 
from an exhaust port. Thereby, bumed gas remains in a cylinder after closeout of the exhaust air bulb 22, 
and intemal EGR occurs. Being decided depending on a part for the cylinder content volume which set by 
the time the exhaust air bulb 22 closed the amoimt of internals EGR by the residual gas in a cylinder, and 
was extended by descent of a piston is checked by the invention-in-this-application person. Hereafter, this 
amoimt of internals EGR is called "amount of clearance- volume EGR(s)." At this time, the cylinder content 
volume in the exhaust air bulb close stage EVC is a clearance volxmie, and the amount of clearance- volume 
EGR(s) can be computed according to the exhaust air bulb close stage EVC. 
[0029] 

Moreover, the valve overlap has arisen in (b) of drawing 3 . In this case, bumed gas is blown back by the 
inspired air flow path in order that an intake valve 2 1 and the exhaust air bulb 22 may open simultaneously. 
Thereby, in a consecutive intake stroke, bumed gas re-flows in a cylinder, and intemal EGR occurs. It is 
checked by the invention-in-this-application person that the amount of internals EGR depended for blowing 
back is decided depending on the amount of valves overlap, the amount of the following and this intemal 
EGR — "— it blows back and is called amount of EGR(s)." At this time, it blows back according to the 
amount of valves overlap, and the amount of EGR(s) can be computed. 
[0030] 

If the amount of internals EGR increases, the air content (restoration air content in a cylinder) with which it 
fills up in a cylinder according to the amoimt of EGR(s) will decrease, this — it clearance-volume-EGR(s) at 
the time, and blows back, and reduction of the restoration air content in a cylinder arises by EGR, and first, 
about a clearance volume EGR, the amount of clearance- volume EGR(s) increases, so that the exhaust air 
bulb close stage EVC shifts to an angle-of-delay side on the basis of inhalation of air TDC, as shown in 
drawing 4 , and the restoration air content in a cylinder decreases in connection with it. Moreover, it blows 
back, the amount of EGR(s) increases and the restoration air content in a cylinder decreases in connection 
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with it, so that the amount OL of valves overlap becomes large, as it blows back and EGR is shown in 

drawing 5 . 

[0031] 

In order to raise the control precision of fuel-oil-consumption control or ignition-timing control, when an 
intake valve 2 1 closes, it requires grasping the amount (restoration air content Gn in a cylinder) of the new 
mind with which it fills up in an engine cylinder actually with a sufficient precision. So, suppose that 
improvement in calculation precision of the restoration air content in a cylinder is aimed at with the gestalt 
of this operation by amending the decrement of the restoration air content in a cylinder by said intemal 
EGR. In addition, improvement in calculation precision of the fiirther restoration air content in a cylinder is 
aimed at by performing inhalation-of-air pulsating amendment, an intake temperature correction, etc. 
[0032] 

The restoration air content Gn in a cylinder is computed as the operation parameter at the time of the 
operation of fiiel oil consumption, and it is computed by taking a future transient change etc. into 
consideration actually. It is specifically considering as the configuration which computes the restoration air 
content Gn in a cylinder based on the pressure-of-induction-pipe force Pm, the fiature pressure-of-induction- 
pipe force Pm is predicted, and the restoration air content Gn in a cylinder is computed using the prediction 
Pm. In addition, the thing using the throttle delay model as a forecasting method of the pressure-of- 
induction-pipe force Pm can be applied, for example, a fixture throttle opening is predicted fi-om the 
accelerator opening operated by the operator, and the fiiture pressure-of-induction-pipe force Pm is 
predicted based on the prediction throttle opening. 
[0033] 

Drawing 6 is the functional block diagram of ECU40 about the operation of the restoration air content in a 
cylinder. Here, the pressure-of-induction-pipe force Pm of using for the operation of the restoration air 
content Gn in a cylinder is all the above-mentioned prediction Pm, and each parameters, such as engine- 
speed Ne and an intake-air temperature Ta, are the values based on the detection result of various sensors. 
[0034] 

In drawing 6 , the basic restoration air content calculation section 50 and the amount calculation section 60 
of internals EGR are formed as main configurations, the basic restoration air content Gnb is computed in the 
basic restoration air content calculation section 50, and the amount Gegr of intemals EGR is computed in 
the amount calculation section 60 of intemals EGR. First of all, the basic restoration air content calculation 
section 50 is explained in detail. In the basic restoration air content calculation section 50, the basic air 
content calculation section 5 1 computes the basic air content Gbase based on the pressure-of-induction-pipe 
force Pm, the intake valve close stage IVC, and an engine speed Ne, The basic air content Gbase is 
computed by making Pm, IVC, and Ne of that each time into a parameter using the basic air content map 
shown at this time, for example, drawing 7 . On the basic air content map of drawing 7 , relation to which 
the basic air content Gbase under the conditions fi-om which the amount of intemals EGR serves as min is 
computed, and the basic air content Gbase becomes large for every engine speed, so that the pressure-of- 
induction-pipe force Pm is large in general, or, so that the intake valve close stage IVC is a tooth-lead-angle 
side is defined. 
[0035] 

The intake temperature correction multiplier calculation section 52 computes the intake temperature 
correction multiplier Ka based on the intake-air temperature Ta of each time. At this time, it is [ that it 
should correspond to change of the air density by the intake-air temperature Ta ] so good that an intake-air 
temperature Ta is high to make the intake temperature correction multiplier Ka into a small value. 
[0036] 

The pulsating correction factor calculation section 53 computes the pulsating correction factor Kb based on 
an engine speed Ne and the pressure-of-induction-pipe force Pm. This is for controlling dispersion in the 
restoration air content by the inhalation-of-air pulsation generated within an inlet pipe, and computes the 
pulsating correction factor Kb based on the relation shown in drawing 8 as an example. However, since it 
mainly generates in the state of a heavy load (for example, WOT condition), inhalation-of-air pulsation is 
good to compute the pulsating correction factor Kb only within predetermined heavy load operational status. 

[0037] 

The basic air content amendment section 54 computes the basic restoration air content Gnb by multiplying 
the intake temperature correction multiplier Ka and the pulsating correction factor Kb by the basic air 
content Gbase (Gnb=GbasexKaxKb). 
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[0038] 

Moreover, in the amount calculation section 60 of internals EGR, the amount calculation section 6 1 of 
clearance- volume EGR(s) computes the amount of clearance-volume EGR(s) based on the exhaust air bulb 
close stage EVC. At this time, the relation between the exhaust air bulb close stage EVC and the amount of 
clearance-volume EGR(s) is as above-mentioned drawing 4 , and computes the amount of clearance-voltime 
EGR(s) using the clearance-volume EGR map created based on the relation of this drawing 4 . In addition, 
the exhaust air bulb close stage EVC is a control forecast by which the exhaust air bulb 22 is controlled in 
the future. 
[0039] 

It blows back, and the amoxmt calculation section 62 of EGR(s) is blown back based on the amovint OL of 
valves overlap, an engine speed Ne, and the pressure-of-induction-pipe force Pm, and computes the amount 
of EGR(s). At this time, it blows back with the amoimt of valves overlap, and it is as above-mentioned 
drawing 5 , and the relation with the amount of EGR(s) is created and blown back based on the relation of 
this drawing 5 , is blown back using an EGR map, and computes the amount of EGR(s). Moreover, it is 
good to blow back, since the time amount of retum [ blow ] is shortened when an engine speed Ne is high, 
to blow back, since it lessens, and the degree of retum [ blow ] increases the amount of EGR(s) when the 
pressure-of-induction-pipe force Pm is small (negative pressure is large), and to enlarge the amount of EGR 
(s). In addition, the amount OL of valves overlap is a control forecast by which each bulbs 21 and 22 are 
controlled in the future. It is also possible to replace with the pressure-of-induction-pipe force Pm, and to 
make differential pressure of the pressure-of-induction-pipe force and exhaust gas pressure into a parameter. 

[0040] 

And it computes the amount Gegr of internals EGR by the amount calculation section 63 of internals EGR 
blowing back with the amount of clearance-volume EGR(s), and adding the amount of EGR(s). 
Furthermore, the restoration air content calculation section 70 in a cylinder computes the restoration air 
content Gn in a cylinder by subtracting the amount Gegr of internals EGR from the basic restoration air 
content Gnb. In this way, by the computed restoration air content Gn in a cylinder, the operation of fuel oil 
consumption, the operation of ignition timing, etc. are performed, and fuel-injection control and ignition- 
timing control are carried out based on those results of an operation. 
[0041] 

According to the gestalt of this operation explained in full detail above, the effectiveness which was 

excellent in the following is acquired. 

[0042] 

Since the basic restoration air content Gnb and the amount Gegr of internals EGR are computed according 
to an individual and the restoration air content Gn in a cylinder was computed by these [ Gnb ] and Gegr on 
the occasion of calculation of the restoration air content Gn in a cylinder, the restoration air content Gn in a 
cylinder is computable with a sufficient precision reflecting the amount of intemals EGR. While computing 
the basic air content Gbase using the basic air content map as basic air content adaptation data at this time, it 
writes as the clearance-volume EGR map and the configuration which blows back and computes the amount 
of intemals EGR using an EGR map as amount adaptation data of intemals EGR, the combination of 
adaptation decreases, and complicated adaptation becomes unnecessary. Moreover, cutback-ization of each 
map data also becomes possible (growing gigantic of map data can be controlled). By the above, the 
restoration air content Gn in a cylinder can be computed with a sufficient precision, attaining simplification 
of operation logic. It also becomes possible to raise fuel oil consumption and the control precision of 
ignition timing because the calculation precision of the restoration air content Gn in a cylinder goes up. 
[0043] 

Moreover, it writes as the configuration which blows back with the amount of clearance-volume EGR(s) 
(the 1 St capacity), and computes the amount of intemals EGR by addition with the amount of EGR(s) (the 
2nd capacity), and the amoimt of intemals EGR can be computed to accuracy according to the generating 
factor of internal EGR, as a result the calculation precision of the restoration air content Gn in a cylinder 
improves. 
[0044] 

It writes as the amount of clearance- volume EGR(s), and the configuration blow back and using a future 
control forecast (the exhaust air bulb close stage EVC, the amount OL of valves overlap) as a parameter on 
the occasion of calculation of the amount of EGR(s), and it becomes possible to compute the amount of 
intemals EGR with a sufficient precision to the transient to which a service condition changes suddenly. 
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[0045] 

Moreover, on the occasion of calculation of the basic restoration air content Gnb, it writes as the 
configuration using the forecast (prediction Pm) of the pressure-of-induction-pipe force Pm which counted 
upon a future change as a parameter, and it becomes possible to compute the basic restoration air content 
Gnb with a sufficient precision to the transient to which a service condition changes suddenly. 
[0046] 

The basic restoration air content Gnb is total capacity (new mind + bumed gas) shut up in a cylinder in an 
intake valve close stage, and accuracy is asked by making engine-speed Ne, the pressure-of-induction-pipe 
force Pm, and an intake valve close stage into a parameter. Moreover, since the basic restoration air content 
Gnb was computed by performing inhalation-of-air pulsating amendment and an intake temperature 
correction, the calculation precision of the restoration air content Gn in a cylinder improves dramatically. 
[0047] 

In addition, this invention is not limited to the written content of the gestalt of the above-mentioned 

implementation, for example, may be carried out as foUows. 

[0048] 

It is good also as a configuration which computes the amount of intemals EGR by applying the exhaust gas 
pressure in the engine exhaust pipe 24 as a parameter, in this case, exhaust gas pressure — responding — the 
amoimt of clearance-volume EGR(s) — or it blows back and the amount of EGR(s) changes, so that exhaust 
gas pressure specifically becomes large — the amount of clearance-volume EGR(s) — or it blows back and it 
is thought that the amount of EGR(s) increases, if exhaust gas pressure is applied as a parameter — the 
amount of clearance- volume EGR(s) — it blows back, the amount of EGR(s) can compute to accuracy more, 
and, as a result, the calculation precision of the amount of intemals EGR improves. Therefore, the 
restoration air content Gn in a cylinder is computable with a sufficient precision also at the time of change 
of exhaust gas pressure. 
[0049] 

It is good also as a configuration which computes the amount of intemals EGR by adding as a parameter the 
opening of the waist gate valve prepared with the engine equipped with the turbo (supercharger) so that the 
exhaust gas turbine of the turbo concemed might be detoured. since [ in this case, ] exhaust gas pressure will 
change if the opening of a waist gate valve changes — the amount of clearance-volume EGR(s) — or it blows 
back and the amount of EGR(s) changes, since exhaust gas pressure specifically becomes large so that a 
waist gate valve opening is small — the amount of clearance- volimie EGR(s) ~ or it blows back and it is 
thought that the amount of EGR(s) increases. It blows back in drawing 9 with a waist gate valve opening, 
and relation with the amount of EGR(s) is shown in it. if a waist gate valve opening is added to a parameter 
- the amount of clearance-volume EGR(s) ~ it blows back, the amount of EGR(s) can compute to accuracy 
more, and, as a result, the calculation precision of the amount of intemals EGR improves. Therefore, the 
restoration air content Gn in a cylinder is computable with a sufficient precision also at the time of opening 
modification of a waist gate valve. 
[0050] 

Although it considered as the configuration which computes the amount of intemals EGR by those addition 
with the gestalt of the above-mentioned implementation after blowing back with the amount of clearance- 
volume EGR(s) and computing the amount of EGR(s) respectively, it is also possible to compute the amount 
of intemals EGR directly on a map etc., without changing this configuration, blowing back with a clearance 
volume EGR, and dividing EGR. Even if it is this case, simplification of operation logic and improvement in 
calculation precision of the restoration air content Gn in a cylinder can be aimed at as stated above by 
computing the basic restoration air content Gnb and the amount Gegr of intemals EGR according to an 
individual. It is good to compute the basic restoration air content Gnb and the amount Gegr of intemals EGR 
according to an individual using each map data etc. 
[0051] 

This is changed although considered as the configuration which computes the amount of intemals EGR 
according to the closing motion stage of an intake valve and an exhaust air bulb fundamentally with the 
gestalt of the above-mentioned implementation. For example, in the engine equipped with the adjustable 
valve gear which makes the amount of valve lifts adjustable, the amoimt of intemals EGR is computed by 
making the amount of valve lifts into a parameter. 
[0052] 

This may be changed although the restoration air content Gn in a cylinder was computed with the gestalt of 
the above-mentioned implementation by having subtracted the amount Gegr of intemals EGR firom the basic 
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restoration air content Gnb. For example, the restoration air content Gn in a cylinder is computed by setting 
up a correction factor with the amount Gegr of intemals EGR (however, correction factor <1), and this 
correction factor amending the basic restoration air content Gnb. 
[Brief Description of the Drawings] 
[0053] 

[Drawing 1] It is the block diagram showing the outline of the engine control system in the gestalt of 
implementation of invention. 

[Drawing 2] It is drawing showing lift actuation of an intake valve and an exhaust air bulb. 
[Drawing 3] It is drawing for blowing back with a clearance volume EGR and explaining EGR. 
[Drawing 4] It is drawing showing the relation between a clearance volimie EGR and an exhaust air bulb 
close stage. 

[Drawing 5] It is drawing in which blowing back and showing the relation between EGR and the amount of 
valves overlap. 

[Drawing 6] It is the functional block diagram of ECU about the operation of the restoration air content in a 
cylinder. 

[Drawing 7] It is drawing for computing a basic air content. 
[ Drawing 8] It is drawing for computing a pulsating correction factor. 

[Drawing 9] It is drawing in which blowing back with a waist gate valve opening and showing relation with 
the amount of EGR(s). 
[Description of Notations] 
[0054] 

10 [ - An exhaust air bulb, 24 / - 25 An exhaust pipe, 26 / — An adjustable valve gear, 40 / ~ ECU. ] — An 
engine, 11— An inlet pipe, 2 1 — An intake valve, 22 

[Translation done.] 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
dcunaffes caused by the use o£ this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DRAWINGS 



[Drawing 1] 
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[Drawing 2] 
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[Drawing 3] 
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[Drawing 4] 
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[Drawing 7] 
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*^^itir Z> o Z<Dm't. •>i;^hr-b/^;wr<7)HK^/N-7^-^t-t*r(f|*IgCEGRg 

[0010] 

C:tvC5||l;«r;^St||2**XSi:coSn^tCJ:l9F«3a5EGRl**»aj$^x-5o Z <D ^ 
rtSI5EGR(7)%^|IHi;-^^pi^-CiE«itCrtgPEGRS^safttST-i-&J:TtZ^»), thv> 

Tf4Mrt^«s^fi<ofl:mffljg35*ifi]±-r>5,o mx.\t^ ^ i if m.^ ^ m <r> y -f b ^ m 2 

if :^ & M tii m ff> -7 y b i ^ >(f m ^,-t ^ Z b iz a *) . ffiiBUF«3ei5EGR**^S;6*»ffl-C|! 

^ X ^ [z ^ ^ o 

I 0 0 1 1 1 50 



(5) 



JP 2005-307847 A 2005.11.4 



{z'^-^-t Z> o ilSci; > m^'^ & \z %zm \^ tz i. n \z ^ iJ-- < t ^) # ^ -7* (7) K Nf ^ U ^ o' 

X ^ I if :^m.*^nm ^ it i> t M.^^ o * ft: fiU icii , «f ft /^' ^ o S *8 ^ T D C f> ffi 
i\i>it t' . H 1 X S < ^ ^ <t 0 » ih § ^ o 
[0012] 

t fz . ^ 2 >^ S ii , "S^ ^ ^i' r t ^ /< ;w y t ^ U PB # L T v» :t - - 7 y •/ W 

- 7 .X T'S ic ^ -r o (Kci: . iS * 11 7 U |£ « L J: o t- ^ ^ < ^ ^ ;w S, O-'^f 

, :i- - - 7 y -f m.i)^-k ^ \i . ^ 2 if T.m.-h^'k^ < ^ji Z> i ^ o ^j: . ^ - 

[00131 

xmz^ \ if T^S.. mtZ^ 2 if 7. (D tj: i t ^ — i)^ n ^ ^ iy- ^ o m^&tJ -^^^t* :h t 
, ^1iei*l(c^@-r^Bt^:^';^*. XU!&nm^m izi^^ m ^ ix & Sim if :^STii^^itir i o 

m^mti i ^< ^7 - ■f' b -r tii^m 1 if m 2 if :^ m a 'o lEm iz n m x- ^ . ^ <r>^^ 

JKA<»tb-f*c:^:^*T-#-So 20 

[0014] 

it*:a9(C|e®(7)%^-C-li. ]lll&SPM<7)f-«4)(7)'?j.;^ b'^-h>"f.'l^rSr|£tt;t:|*)^1t 
Kt-iiv>T. 't'J^^h'^-h>'<;i'ropaK4:>'N-7^-:5'i:LTSnx.T«rieiill*'>^i, m 

%&t}i^miti- i fzib. ^m^izm^-^ ^wimif xjiflR^a^w unJ: § m $ be 

m if i: -^^ ^ it -f- i> o •t' h - h /f ;w r O §g $r /n- 9 ^ - t -T ^^ (f H 1 ^ S , ^ 
2:*-;^S75^J:i9jE?ttc^tU-e§. -5-<^^*l^g|5EGR»<7>^m«S*«Ifij±i--So tS^oT. 

>>i;^ h y- h y^)i'r<r>mm^w.mizi>nH^m^%m:imBt&<ntii-t ^ z ta^X' ^ ^ 

o 

[0015] 30 
[0016] 

< »ffi-r -5 d t Bjtg ;& „ 

[0017] 40 

tg*]S 1 2 -e.Ji , ^ « M <7) la US lie . :^ w ^ ^ /n- r o « b# « tc ^ 

xm:^^%S.i)^nm^ixi> , Z<D^^. ^ K S ife igc ^ M W *c i 0 ^ ?R ^ ^ Ji- ^ ^ M 

$ t f) . Si ^ ;i' r O PH Bt U J: i) , *t ? -2. ^ ^ o 7^5 it ^ tSi 

[0018] 

^ n^.m.m<Dm.^nm^mx[im.i3i-^m\zitmL . -^nm^m ^^^n o t ^m) x\i 
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I 0 0 1 9 1 

^^^m-A^njE^ir^o f& X (D ^^i^^ ^ it^ ^ b . S ^ It i O * S ^ m ^Mb 
« ;S [S] ± -r o 

I 0 0 2 0 ] 

^•I'lEt LxB.mmMM(Dmm'^.^.'XB^m<Dmm^imm^ i ^ 1 1 ltv»^o ^r<4. 
la 1 i m X > i^' > m m :^ T J* <7) i^mm m ^ m i mm i- ^ o 

1 0 0 2 1 1 

Z <7)j.T i7 >; - l 2 OTj^11tci±«lA^^JI?r^m-t-&7t*!)OJ.T7n > - ^ i 
3 55^IS^tf>^^TV»*o j:. r y T3 ji - l 3<7)T»iE^il^-^±^ DC^-^^OT^'^iJ^-:5' 

h ^^ PB S[ -t > -y- 1 5 i: IS It tt T v» ;2> o ;^ n y h -t" l 4 O T ffiy 14 -9- — v ^ 

> ^ 1 6:6*^it'b^t> ^o-9--v^>i^ 1 6 izimsL^m S.U ^^ai-ri> fzt^ffym.^'^s.ti 

-fc > -9- 1 7 IS (t T ^ o i ^ -9- - y 5' > i?' 1 6 14 , jc > v > 1 0 O # ^ ^ tc S 

il. T v» o 
[ 0 0 2 2 J 

> V > 1 0 o ^ .1^ - h s. o^'Sf ^ - h {4 ft -r *t IS ^ r 2 1 cKSf ^ ^< 71- r 

2 2 It <b -C i3 19 . ;^ 2 1 <7) S jft J: ») t i: <D iS^^^ri^mmm. 2 

3 pJizmX^ tt. «f ^/N' r 2 2 O M ttf^ (C J: 19 <^ »^ :«r X ^ 1= 2 4 #1 m $ 

^ o f&M^^ 2 1 s J/P^/N' r 2 2 (CI4 -e n-ri^ rt ^Ki#tii« 2 5 , 2 e TS^ig it ^ 

Tv»;&oC:ttf>pr^Si#1Si«2 5, 2 6J4,#/f;ur2 1, 2 2<^PBgfl^''f5>^^ilM 
fi«>UnJ^i:i-;2>ii:7j?-r§^fl|it$:;ft-L, t <D U 8t.<7> 7 -t )l- m Bt > > m^mikB^ 

izm cx '^'ou rmm ^ ^ > vii^m:^mi&^ & x o t-={fcoTv»So 

[ 0 0 2 3 ] 

> 1 0 (D'> V > y K ICI4 # M M 45 ^. iAc y 7 2 7 tS^ ») # (t tt T i3 t) . 

A'X-f 7 2 7 izii , 'X =t 4 )u m '0 ^j: ^ 'X^m. 2 8 i m i:^ X . mm. t -r ^ <^.xmm 
ic45v»TS5mjE**en*p$tt*o coisisflEoR7jjDtcj:<9> ^ X -x ^ ^ 2 7 <o ii m.mm 

[ 0 0 2 4 ] 

P^«2 4UI4.gfm**:^4'OCO, HC, NOx^^r*^l:-r*f^*!>cO = 7Cllti*^Oftb 

«3 1 ■A^nn hti. z <r>nAm3 i<D±m.mi,z{tm:^:^^^iiin^t l x m^^<D^mitx 
It ') y - > i^^ta-f & tit(><D^mit-t > ■*)■ 3 2 i ~ 7 ^mit-t > , Kfg-tv-y- 

) ^1^^<D if 7 > n m -^r ^ ^tS -f ^ i7 V > i7 n ^ > 3 4 /i>^^ fJfttt'bttTv^^o -5-<7) 

^'-t^l'iaK) S:^m-t'2)Tr>-tA'-fe>-9-3 6/6^^ttf>ixTVi^o 
[ 0 0 2 5 ] 

±5&L^:#a-t:>-itO[il:tH4, J^>v>ft^J^^l]-^,ECU4 0^CA:^»$^^>&o ECU4 
0<4, CPU. ROM, RAM^J:l9iJ<S-7^^'navii'A-:5^4:±-^tt-Cfl|fi£$tt, 



(7) 



JP 2005-307847 A 2005.11.4 



R o Mizt^m.^ i^f^ ^m<r>mm X2 V ^ 2. nn-t ^ :i t X- . j:. > > a ^ s tc * o* v» 

T^#i5i*t#i9tcj:-2>j^f4-itii+, j^. 'X ■:f 7 if 2 7 1,1 J: ^ m . oj^mif^mm 2 5 , 

2 6 I.Z j: r 2 1 Rzf'm%^^ y 2 2 (T^mm ^ ; > v ^j: t- i mm-r ^ o 

[ 0 0 2 6 ] 

H 2 (± . m.^ )^ r 2 1 R 1/ m ^ r 2 2 <r> ') y h m i'jF i Tji L X a iQ . mm 2 izii 
w^T. E V o itm^^^ ym^^m . e v c am^^oi^ ymmm. i v o 

m. ivciim.%''<)i^rm^m. o l i± r :t - - 7 y y # -e * o # r 2 1 , 

^mimmizLxMMmiz. mM.^< jvrmmf^miim:mn&m.immizLxmMmi.z. 

it -r ©J ^ $ ft -5 „ dots, SI M ^i- •/ iM O il ft ifilj » #f ^ /N' r ffij o a ^ $ij ^ t i 10 

() . # /OP r #t U la i<t i: ^ ^ ;U 7' :t - /< - ^ y y 35« ^ i: -2, o ^j: is ^ urn <^ M B X- li 
>K^>'^'^ur2 1li«aft*c^. t?IVO=©^TDCf^4 0*" CAtL. -?-OS®ftfi:S 
:*^'bS:fe6 0° CAmnX'^i>m&tLX\'^i,o t fz. m^yOl' r 2 2 aWLMM^BX E 
VC=ia^TDClr4° CAi:t, <D MMM &m.^- h MiX 6 0 " CAMA X^:hm^t 
L T ^ o 
[ 0 0 2 7 ] 

^ -e , M ^l- r 2 2 75^ a ft W tC $11 p $ it ^ , :Z. (± ;W -r :f - /N' - 7 -y 7" s 

#A.*^i:tLx-?-0^:<7^XASrll3UJ:i9S^^1--&o 20 
[ 0 0 2 8 1 

EI 3 O ( a ) T- (± . ^ /N' ;w r K B# « E V C T D C t ^ o T v» ^ ( H L , v'f ;u r ^ 
-/t-^yT-ji^v^^jOiiLTV^^) o Z crtm"^. T D C i M W . \^ :^ Y > ± ^ h T 

P# e u m -e ^> # ^ ;w r 2 2 M T ^ i6 . M - h i 0 ^ « (mmm 2 3 

1^ ) Bt ^ ^ A i- o it i <9 ^ M >'N' r 2 2 O W il i3 v> T ^ « F«3 SE 

**X55J'^'gLx rtaSEGR5&-'%^-r^o •Kl*l^®:^rxUJ;-Z)|*ia5EGR4l±, 

2 2;i«BBi:'&i-CUi5v^Tlf;?. h ><D T ^ it X Hu^ ^ tt tz ^ nm m » il L X ^ t i> 

z t -d^^^^m^ 1.1 a mm^ ixx ^ o ar . z <d\^ue g nmi [mm^mE g ra 

J tWOo Z<D t ^ . P^>'<;i'rWNFMEVC-CO0Sl^^«*J|^.ra#8tT*ab'9> fif^>'<;i' 
yHB#l«EVCtcJc'i:-Cl^, H#«EGRi*-'#l±JT-§-So 30 
[ 0 0 2 9 1 

ii'i. m 3 (D (b) T- (± , /-< ;w y :t - - 7 y r^^^ C T -5, o CI <7) , qR^VN'^wr 
2 1 i: ^^^/-f r 2 2 t^^m^izm< tztf>. Wi B. :^ -6^ ffSc. ^ m iz vf: §M$it-2,o Z tnz X 
n . ^km (D ^ m. l,z X &Lm :^ \H l,z W m X L . f^UE G R Ti^^±-t i o 

tcJ;i)?6©$itTv»^o i-lkT. Z<D[HUEGRMi: fB^^i^LEGRiJ iw^o ClOt 
§, >'^*;^:/:t->'^•-7■y7'^^z^^^l:Tq^:#MtEGRS35^»ffiT§4o 

[ 0 0 3 0 ] 

F*3SCEGRg5&Jl«x.*i:^ -E-<^EGR»triDi:T^1^F*3tC^:^$it^^^S 
^^fi) :6^^^^-r-&o SiMSStEGRs ^ M L E G R f,z X f) ^ ^m^%& 40 

^-f^raSatEGRJCOV^TIi, II14lC^1-J:Ttc, #^^/N*;i^-/WB#ffiE 
VC*^ia^TDC^r*muSftlill-#^T-r-£>{iirimMS«EGR»;J*iiA, -?-itlc#v»igi 
l*3^*^^*^*Mr:J'-i-^o t/i. P*:§ML.EGRirov»Ti±, ll5lc;^-t-<J:otc. ^-oi-r 
:j-_,<_^.;,y40L*^:^#<^*{ii:% Pj;#MLEGRg;&Jlix.. -eitU^v^fgrt^rft 
^ ^ » ^ 1- o 
[ 0 0 3 1 ] 

1« *f S ®J ^ ^ * 'A B# ^ aij » o ftij ^ iffi ^ [fij Ji $ -^i- ^ tc (i , cjl M ^< ^i' :^ 2 I 7!)^m ttz 
l^.^.T-^|^tri > V U5E« ^ itiifKOfi (® F«3^*^^S G n ) * « « ^ < }B 

a-f-SCltfrg-r^o ^ ZX:$.mm<r>mmx^i. mrlSrt^EGRtci^l^rt^EJW^^iO 
iJ'^ 35- M oE i- ^ CI i: -C- , Mrt5E«S^So^ai!fi|j£r6j±«:|g*Ci:i:i--&e -eoflfex m. 50 
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1 0 0 3 2 ] 

, -?-<7)?-}fflPm^:fflv^Tfiil*l5t«^^»Gn*»tb1-^o ^iJ. i5S^l=J±^jPm<7)^?l!l^ 
^ i: L T l± , X. If ;^ n -y h ;u a }fi ^ f ffl v» O ii fli T- § . « K # tc i I9 ^ ^'F $ 

X m^<7)^%'SS.t} P mi^m LX Z> o 10 
[ 0 0 3 3 1 

laeti, ®r*9^«^^S<7)}|||riCMi-^ECU4 0COiStg-/n.yir|a-c-*-5.o dClT-, 
[ 0 0 3 4 ] 

^ttTjSf). **^«^^»#UlS155 0tCT*:$:^«^^»Gnb7{>«~#m$a. rtSISEG 
Riirmase OlCT|^gCEGR«Ge g r75^irm$tt-5,o 7fe-rJ±*2f:5EJ»|g^fi^mffl55 

J^OPm, IVC. N e i >i ~ t LX m^^^MG h a s e ^M-tii-t ^ c m 7 
^^^S-r -y -XX ii . t^U E G R m.:i^md^ t ^j: ^ ^i^T X <D m:^^^M: G h a s e WHi 

$n^J:-7tc^oTisi}. •3i>v>|HllE|^^lcm4a?RKl=JE^jPin;i«:k:ivMii:% X<±^ 

^/N';prHB#*8 I Y c a^mnrnx ^ II t: . £^^^ag b a s e ^^±^ < j^-a x o ^ra 

[ 0 0 3 5 ] 
[ 0 0 3 6 ] 

mS(i«jE«^»ffi8P5 3(i, J^>v>llfeii:Ne i:®^l=ff:tJPmi:{c|feo*v»TMI!i1t 
iE^S5:Kb^^iti-r-2>o dttii, f&^'^lHxm^-t i> m.^m.m ^ ^m^^*.<7) i£ h 
^ t: nm t h tz it> <7) i> <r> X ^ <0 ^ — •pot LTI18 lC^fM^^U*o*v»Tiiltft1fiE^S5:Kb 

*#ffli--2.o fiL. ii± (l^lxidrwo T4^t^) -CI& ^ 1- * . ^ 

[ 0 0 3 7 ] 

»2f:^^»MjESI5 5 4 Ji, ^^S^iGb a s e ic^MiaitiE#t5:K a, MttMiE^SS: 
Kb5r#ft'^t>-<i:T^:$:^J^^^gGnb4r»aii-^ (Gnb = Gb a s eXKaXKb 40 

) o 

[ 0 0 3 8 ] 

t fz^ r«9 E G R * » ffi SB 6 0 I- i5 T . mm^m E G R MM- tH U 6 1 l± > ^ 
«B#»iEVClC^o*v»T^MS«EGRfi^»aj-r-So Z <D t ^ . #^/^*;^rH^*iEV 
Ci:Rira#||EGR»i:co!ig#(ifltriSO[ll4<7)i:i3i9T-abi9. C:(Dll4<7)P,g#tc^o*v^T 
f^J^L/cR^. S#StEGRvy7'5rffl(,^TE^RB#«EGRSS:#ai-f'&o iriJ, S^^/n'^I'^ 

[ 0 0 3 9 ] 

P^§MLEGR»*aiS156 2(i. ^N*;i'-7'^-/N'-^y7*iOL. -^iVv^IsieilfcNeS. 
l>'?R^ejEiJ P m U T # M L E G R fi -r o d <0 t § , r - - 7 50 
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< L. iS^^ff^J P m # v» ( ft IE ji^ « U (± p^j § M U O 36? If ;t 46 tciJ): 

1, 2 2 ^^n^izmm ^ i^i>mm^mmr' ^ i> o is^em^^Pmtcftx.T, iR^§]E:^i: 

[ 0 0 4 0 ] 

•f-LT, rta5EGRSeaiSB6 3(±. Pf. Pfl§WEGRgi:qX#MLEGRSi:«:i)D»L 
TF«98CEGRfiG e g r S-Sffl-f^o Ml^, tSn^^i«^Ma^m«|57 0 J±, **3fiS«^^ 10 

»G n b;4-<b|*ia5EGR»G e g r i ^.W L X m l^^m^^M G n i U tH -t i> o ^ 0 LX 

[ 0 0 4 1 ] 

i':)s±m&Lfz:^mm<7>mmiZXixl£. a T <7) ti ^ ^ il)^ h ix ^ o 
[ 0 0 4 2 ] 

«rt5E*^^SG nO^tblCl^L, *2p5Ea^^SG n b tl^SPEGRiG e g r i: S: 

fflSlJUffaiL> Cl^rfbGnb, GegrUJ:l5M[*I5fE«^^fiGn*ffai1-'J.J:9{CL;t: 
f>:*!>. I^^EGR»4rS:efeL-Cfgirt^«3&^gGn«rfflSA<»ffi-r-5.C:i:*JT-i-2>o Z 

<r> h ft^^^iiS'^T'-^' i: LTc75»:$:^^g-Ty-/^fflViTft2^^MSG b a s e 20 

i nta-r ^ ~:fj , p^UE G RMM'^r- t lx <Dmmm-^E g r-7 -y zfRi/vk^ ml e 

GRT-yr^rfflv^TrtSBEGRS^^mt-^^fiSii: L fz fz i6 . m^<r>m.^^t>'t:i^m.^. 
M^^j: M^^^^m t ^j: :i> o t ti. y T' - (Dm^hit i> m t ^j: :h ( -7 y T - ff) 

[ 0 0 4 3 ] 

t tz. R^. W^WEGRfi i:ii^#MtEGR» (^2;^7';^4) i:0*n»tc 

J: «) rt«BE G R&i: M-lh-r t L fz fz i(> . rtSCE GR<D^^gHtC-§-*>-li:TjEIStZF*3 

ia5EGR»7j^'»ai-t?§. t>v»-C(iffiil^5E«^^SGnO»:aiffljK-&^~|fiJ±-f-5.o 30 
[ 0 0 4 4 ] 

psra§^aEGRs> ex§MLEGRso#mic^L, n^<ommi^m^ i^^^^oi' ym 
S:m^n-^^M.m.-r ;i, Mrstf^m iz ii ff^^E G R Mi mm^ < n-mir ^ ^ t a^oi m t ^j: ^ o 

[ 0 0 4 5 ] 

mm (^illlPm) i y ^ - t LX t Lfzfz ib . « ^ ^ ft. ^ i- ilt B# 

#tC^»:$:^«^^SG n b i m St A < M tH -t Z :l t ^^SJ m t fj: ;i> o 
[ 0 0 4 6 ] 

(m% + stm-ff X ^ y) . > > mmwun e . i^^Mwrnt) p m . ®.^>'^*;^rHB#^^ 

/^• 7 p« - ^' i: -r* ^ i: -ejE?6 tc** lb o * 7t > ») « IE ^ ® ^ « jE * fi^ o T * 

*^*^MfiG nht:ntii-t?> H^iZLfzfztb, Mf*3^«S^aG n O ^ m ffiS 55*:*: VMC 

[ 0 0 4 7 ] 

^iSx 2f:i|^{iJiie||jfeo3^i^. OE^I^^lcRg^$^t-f, -pfl^tf^^cOi^tc^JfeLTt 
[ 0 0 4 8 ] 

J^>->'V#^^§2 4l*IOg^^]E^I^/^•7^-:5't LTiDxTrtaSEGRfi^Wm-r-S.® 
^ t UT*)Av»o ClOJ^-^, S^^£E^»lctDi:.T^.W$«tEGRfiX(±i»J<:#5ILEGRfi7if 50 
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miti- i> o * ^ fit; (i . mni±tl -^^^ ^ < ^j: i t\ Ff K # « E G R fi X li P^C § M L E G 
RS^^#<^2>i:#x^a^„ mMEbtl i 7 }i - ^ t LT^Ox.^^J^P«MS^fl^EGRS, 
J^^mtEGRm^^a «)jEitt~»aT-S. t <D ^ U E G R A <D n ta m m Jpi ±-t ^ o 

filoT. m^s.t} <r>mitm G ni:m8t&<n.iii-t^zt7!)^T^^o 

[ 0 0 4 9 ] 

^ - ( ^ ) $r IB X. i > V > T- (± . ^ g ^ - O # ^ 5^ - If > ji H $ Hi: -5, J: O 
Ul^tt/w-^Ji;^ by - h^N'^wroiaS^/N'^^-^'i: LTinx.TrtgeEGR4Sr#m-r-& 

-6;ti6, PtWSIIEGRl:Xi±i!Jci^ML-EGR**J^^bi--5o -^x^^ b^- 

f ;W ? vWi if , m^S.tii>^±^ < ^ t:i6 . M ^ « E G R » 31 li liJv § M L 10 

EGR*;4^'#<^-5.i:#x.'b;}x^o l29U(i, •i7iXhr-h/<;i'rSSi:i!^ci;MLEG 
Rfii:0|53#$r^-fo -^^-^ b^ - ^>'^*;^•rHa^:/^••7P«-^'UJJDx.fL(^15ira#SEGR 
fi, l!^CiMtEGRi55^J:»)jE?|U»ai-C-§. -eo^*|*ig|5EGRS<^imi«]K3iS|6]Ji1- 
-So e&oT, '>i;^by-b>'<;W-/OWJg^5EBflC^()^l*l5E*^^SGn«riflE^<»ai 
•r c: t 34* T- o 
[ 0 0 5 0 ] 

±l£IIMO?g^. t^li, PSPig#«EGRfii:q?;iMtEGRgi:«r#.*#mLf^^> -t ix 

c:> (7) mniz X t) u E G R M w ta -r ^ m f& t L tz . -«o«fiS;^^Mt, Ptw^WEG 

Ri:eX:|;MLEGRi:^r^tt-ri-. y ^ X t) ]^ U E G R m i: M- Hi ir i> :i t >h 
t6-r**-5o *^^^^:^#TaboT^), *:f:^*^^*G n b trtSCEGRSG e g r t i m 20 

m i>~ m -t i> t X' . Km (7) t 10 o i^' y (7) m m It t . ^rt5E«s^fiGn6o#m 

n ±i: m ^ Z t -^^-V- ^ ^ o »2f:^j^^^SGn b tp^SPEGRSG e g r 
I 0 0 5 1 J 

±K.Mm<7)mBx a ^ 364^WU^^>'^';^r;S.O'~Sf^/^';^■7'<^galBB#«tcS DTrtSBE G 
^Wi it- i Wi ^ tz > > iz is X ^ >'^•;^r';7 bfi4->'N'7;^-^'i: LTF^IflSEGRfi 

^ » m -t o 

[ 0 0 5 2 ] 

±t?.m^<7)mmx li . m^^m^^mG n b^^^i^rtSBE GR»G e g r ^rj^^LTMrt 30 
^m^^SG n inta Lfzi^. Ziti:m'^LX BL^^o m^^i. rtS15EGR:gGegrtz 
i »}MiE^Sfc4-^^L (mL> MiE#ifc< 1) , COMjE^miCi i)»:*:3E3WS^SG n 
b ?r|«jELTl8iF«3^«S^fiG n «:#mi-4o 

[ H 9 O ffi m ^ 1$^ ^ ] 

[ 0 0 5 3 1 
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